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PDMRU HQYLURQPHQWDO IDFWRU FRQWUROOLQJ SODQW GHYHORSPHQW RQ WZR Arabidopsis thaliana &,
PXWDQWVDQHZLQVHUWLRQ PXWDQWLQWHUUXSWHGLQERWKndufs8.1DQGndufs8.2JHQHVHQFRGLQJWKH
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LQFUHDVHLQWRWDOUHDFWLYHR[\JHQVSHFLHV526FRQWHQWZDVUHSRUWHGIRUPDQ\$UDELGRSVLV&,
PXWDQWV 0H\HU HW DO  .HUHQ HW DO  6RWR HW DO  EXW QRW LQ WKH &06,,
PXWDQW'XWLOOHXOHWDOE7KHUHDVRQVIRUWKHVHLQFRQVLVWHQFLHVDUHSUHVHQWO\XQNQRZQ
&RPSOHPHQWDWLRQVWXGLHVSHUIRUPHGIRU&06,,3LQHDXHWDOopt43GH/RQJHYLDOOH
HW DO  ndufs4 0H\HU HW DO  DQG IRU PXWDQWV LQ CA2/CAL2 JHQHV HQFRGLQJ
&$&$/ȖFDUERQLFDQK\GUDVHVXEXQLWV6XQGHUKDXVHWDO6RWRHWDOLQGLFDWHG
WKDWDGGLWLRQDOPXWDWLRQVDUHQRWLQYROYHGLQWKHDOWHUHGSKHQRW\SHLQWKHVHFDVHV,WKDVEHHQ
SURSRVHGWKDWWKHSUHVHQFHRIWUDFHVRIKROR&,PLJKWDWWHQXDWHPXWDQWGHILFLHQFLHV.KQHW
DO  $OWHUQDWLYHO\ LW LV SRVVLEOH WKDW DVVHPEO\ LQWHUPHGLDWHV PLJKW LQWHUIHUH ZLWK
QRUPDOR[LGDWLYHSKRVSKRU\ODWLRQRUKDYHDGGLWLRQDOIXQFWLRQVDVVXJJHVWHGE\.HUHQHWDO

7KHSKHQRW\SHRIVHYHUDO&,PXWDQWVLVDIIHFWHGE\JURZWKFRQGLWLRQV&06,,SODQWV
VKRZHG DOWHUHG UHVSRQVHV WR HQYLURQPHQWDO FRQGLWLRQV VXFK DV OLJKW 3ULDXOW HW DO D
QLWURJHQDQG&23HOOQ\HWDO+DJHUHWDODQG ZHUHIXOO\PDOHVWHULOHXQGHU
YHU\ ORZ LOOXPLQDWLRQ RQO\ 'H 3DHSH HW DO  7KH\ ZHUH GLIIHUHQWLDOO\ DIIHFWHG E\
GURXJKW VWUHVV *DOOH HW DO  'MHEEDU HW DO  $OVR WKH JURZWK GHIHFW RI WKH
$UDELGRSVLVca2 cal2PXWDQWZDVUHVFXHGXQGHUQRQSKRWRUHVSLUDWRU\FRQGLWLRQV6RWRHWDO
 +RZHYHU GHVSLWH LWV LPSRUWDQFH IRU SODQW GHYHORSPHQW DQG SURGXFWLYLW\ WKH
SKRWRSHULRGUHVSRQVHLQ&,PXWDQWVKDVQRWEHHQLQYHVWLJDWHG\HW3ODQWVFDQEHFODVVLILHGLQWR
GD\ QHXWUDO '1 VKRUW GD\ 6' DQG ORQJ GD\ /' SODQWV RQ WKH EDVLV RI WKH PLQLPXP
GXUDWLRQRIOLJKWSHUGD\QHFHVVDU\WRWULJJHUWKHWUDQVLWLRQIURPDYHJHWDWLYHJURZWKSKDVHWR
DUHSURGXFWLYHVWDWH$UDELGRSVLVLVDIDFXOWDWLYH/'VSHFLHVWKDWEORRPVHDUOLHULQ/'K
GD\ OHQJWK WKDQ LQ 6' DQG SKRWRSHULRG DIIHFWV PRUSKRORJLFDO OHDI WKLFNQHVV WK\ODNRLG
RUJDQL]DWLRQDQGSK\VLRORJLFDOSDUDPHWHUVFDUERQDVVLPLODWLRQUHODWHGSDUDPHWHUVVWRPDWDO
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FRQGXFWDQFHUHGR[VWDWHDQGVWUHVVUHVSRQVHV5REELQVDQG3KDUU*LERQHWDO
%HFNHUHWDO/HSLVW|DQG5LQWDPlNL4XHYDOHWDO$OWKRXJKLWKDV
EHHQ UHSRUWHG WKDW GD\ OHQJWK K YV K LPSDFWV RQ WKH SKHQRW\SH RI WKH ABO5 PXWDQW
DIIHFWHGLQnad2VSOLFLQJ/LXHWDODQGWKDWSKRWRSHULRGLFFRQWUROZDVDOWHUHGLQcal
PXWDQWV:DQJHWDO$UDELGRSVLV&,PXWDQWVKDYHEHHQIXOO\FKDUDFWHUL]HGLQ/'RQO\
DQGDOLQNEHWZHHQ&,DQGSKRWRSHULRGUHPDLQWREHVWXGLHG
 +HUH ZH H[DPLQHG WKH LPSDFW RI GLIIHUHQW SKRWRSHULRG UHJLPHV RQ WZR GLIIHUHQW
$UDELGRSVLV &, PXWDQWV D QHZ LQVHUWLRQ PXWDQW LQWHUUXSWHG LQ ERWK ndufs8.1 DQG ndufs8.2
JHQHVHQFRGLQJWKH1'8)6VXEXQLWEHORQJLQJWRWKHFRUH&,(IUHPRYHWDODQGWKH
SUHYLRXVO\ FKDUDFWHUL]HG ndufs4 PXWDQW 0H\HU HW DO  .KQ HW DO  8QGHU
JUHHQKRXVH/'FRQGLWLRQERWKndufs8.1DQG ndufs8.2VLQJOHPXWDQWVZHUH LQGLVWLQJXLVKDEOH
IURP &RO DW ERWK ELRFKHPLFDO DQG SKHQRW\SLF OHYHOV ,Q FRQWUDVW WKH ndufs8.1 ndufs8.2
GRXEOH PXWDQW ZDV GHYRLG RI KROR&, DVVHPEO\DFWLYLW\ DQG GLVSOD\HG D JURZWKUHWDUGDWLRQ
SKHQRW\SHVLPLODUWRWKDWRIndufs4$OWKRXJKJURZWKZDVOHVVDIIHFWHGLQ ndufs8.1ndufs8.2
WKDQ LQ ndufs4 XQGHU 6' FRQGLWLRQV ERWK PXWDQWV KDG DQ LPSDLUHG JURZWK UHVSRQVH ZKHQ
WUDQVIHUUHGIURP6'WR/':HIXUWKHUSURYLGH LQVLJKWV LQWRPHWDERORPLFVDQGELRFKHPLFDO
DOWHUDWLRQV DVVRFLDWHG ZLWK DFFOLPDWLRQ WR /' DQG GLVFXVV KRZ PLWRFKRQGULDO &, DFWLYLW\
PLJKWLQWHUDFWZLWKSKRWRSHULRGDFFOLPDWLRQLQ$UDELGRSVLV

 
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5HVXOWV

Molecular and biochemical characterization of single and double mutants of the NDUFS8 
subunit 
 
0XWDQW OLQHV FDUU\LQJ D 7'1$ LQVHUWLRQ LQ WKH ndufs8.1 At1g16700 DQG WKH ndufs8.2 
(At1g79010) JHQHV &RO DFFHVVLRQV ZHUH REWDLQHG IURP WKH 6$/.LQVWLWXWH FROOHFWLRQ
%RWK JHQHV DUH FRPSRVHG RI  H[RQV )LJ $ DQG SURWHLQV VKDUH  VLPLODULW\ %\
VHTXHQFLQJ7'1$OHIWERUGHULQVHUWLRQ3&5SURGXFWVZHORFDOL]HGWKHLQVHUWLRQVLWHVLQWKH
ILUVWLQWURQDQGLQWKHWKLUGLQWURQLQndufs8.1DQGndufs8.2, UHVSHFWLYHO\.QRFNRXWPXWDWLRQV
ZHUHFRQILUPHGE\3&5DQG573&5XVLQJndufs8.1DQGndufs8.2SULPHUFRPELQDWLRQVQR
ndufs8.1DQGndufs8.2WUDQVFULSWVFRXOGEHGHWHFWHGLQWKHFRUUHVSRQGLQJPXWDQWV)LJ%DQG
)LJ & ,Q&RO VHHGOLQJV DQG OHDYHVNDUFS8.2 ZDV IRXQG WREH DERXW  WLPHV PRUH
H[SUHVVHGWKDQNDUFS8.1)LJ&1RFKDQJHVIRUNDUFS8.2WUDQVFULSWVZHUHGHWHFWHGLQ
WKH ndufs8.1 PXWDQW DQG IRU NDUFS8.1 WUDQVFULSWV LQ WKH ndufs8.2 PXWDQW LQGLFDWLQJ QR
DGMXVWPHQWDWWKHJHQHH[SUHVVLRQOHYHO7KHndufs8.1ndufs8.2GRXEOHPXWDQWUHFRYHUHGIURP
FURVVLQJVLQJOHPXWDQWVZLWK WKHndufs8.2PXWDQWXVHGDV WKHPDOHGRQRUZDV ODFNLQJERWK
NDUFS8.1DQGNDUFS8.2 WUDQVFULSWV)LJ%&,QERWKVLQJOHDQGGRXEOHPXWDQWV'1$
DQG51$SDWWHUQVZHUHVWDEO\PDLQWDLQHGRYHU ILYHVHOILQJJHQHUDWLRQVDQGDOOELRFKHPLFDO
DQGSK\VLRORJLFDODQDO\VHVZHUHWKXVSHUIRUPHGRQ66RIIVSULQJ 
,QRUGHUWRVHHZKHWKHUWKHH[SUHVVLRQRIndufs8.1DQGndufs8 JHQHVZDVUHTXLUHGIRU
&,DVVHPEO\DQGDFWLYLW\OHDISURWHLQVZHUHVROXELOL]HGZLWKGLJLWRQLQDGHWHUJHQWSUHVHUYLQJ
WKH DVVRFLDWLRQ RI UHVSLUDWRU\ FKDLQ VXSHUFRPSOH[HV LQ SDUWLFXODU ,,,, VXSHUFRPSOH[HV
3LQHDX HW DO  DQG VXEMHFWHG WR %13$*( ,QJHO 1$'+ GHK\GURJHQDVH DFWLYLW\
UHYHDOHGE\1'+1%7VWDLQLQJZDVREVHUYHGDURXQG0'DZKLFKFRUUHVSRQGVWR&,VL]H
LQWKH:7DQGLQ ndufs8.1DQGndufs8.2VLQJOHPXWDQWVEXWZDVQRWGHWHFWDEOHLQWKHndufs8.1
ndufs8.2GRXEOHPXWDQW)LJOHIW0RUHRYHUDVLJQDODURXQGN'DFRUUHVSRQGLQJWR
VXSHUFRPSOH[ ,,,,3LQHDXHW DOZDVREVHUYHG LQVLQJOHPXWDQWVDV LQ WKH:7EXW
QRW LQ WKH GRXEOH PXWDQW 6LPLODUO\ WKH LPPXQRVWDLQLQJ REWDLQHG XVLQJ DQWLVHUXP GLUHFWHG
DJDLQVW1$'PLWRFKRQGULRQHQFRGHG&,VXEXQLW ORFDWHG LQ WKHSHULSKHUDODUP.ORGPDQQ
HWDOZDVREVHUYHGLQWKH:7DQGVLQJOHPXWDQWVEXWQRWLQWKHGRXEOHPXWDQW)LJ
PLGGOH%\FRQWUDVWWKHDQWLERG\GLUHFWHGDJDLQVWWKH&2;VXEXQLWRIF\WRFKURPHR[LGDVH
&RPSOH[ ,9 JDYH D VLPLODU VLJQDO LQ DOO FDVHV )LJ  ULJKW 7ZRGLPHQVLRQDO %16'6
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3$*(RIWRWDOURRWPHPEUDQHSURWHLQVVROXELOL]HGZLWKȕGRGHF\OPDOWRVLGHZKLFKGLVVRFLDWHV
UHVSLUDWRU\VXSHUFRPSOH[HVIDLOHGWRUHYHDODFOHDU&,SDWWHUQLQWKHGRXEOHPXWDQWGHVSLWH
SUHVHQFHRI WUDFHDPRXQWVRI&,VXEXQLWV 6XSSOHPHQWDO)LJ6)RUH[DPSOH WKHN'D
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VXEXQLWZKLFK LV SDUW RI1$'+ GHK\GURJHQDVH PRGXOH ORFDWHG LQ WKH SHULSKHUDO DUP ZDV
KDUGO\GLVWLQJXLVKDEOHLQWKHPXWDQW
,Q VSLWH RI LPSDLUHG &, DFWLYLW\ OHDI WRWDO R[\JHQ FRQVXPSWLRQ LQ WKH GDUN ZDV
VLPLODU LQndufs8.1 ndufs8.2 DQG&RO YW)LJ$7KHF\WRFKURPHYV$2;SDUWLWLRQLQJ
GHWHUPLQHGXVLQJR[\JHQLVRWRSHGLVFULPLQDWLRQ*X\HWDO5LEDV&DUERHWDO
VKRZHGDVOLJKWLQFUHDVHLQWKH2FRQVXPSWLRQUDWHE\WKH$2;SDWKZD\YDOWLQWKHPXWDQW
7KLVZDVDVVRFLDWHGZLWKDPDUNHG LQFUHDVH LQ$2;FDSDFLW\)LJ%DQGSURWHLQFRQWHQW
)LJ&$OWKRXJK WKHDQWL&$DQWLERG\ LVSDUWO\DVSHFLILFDPLWRFKRQGULDOVSHFLILF&$
VLJQDOZDVREVHUYHGLQFRPSDUDEOHDPRXQWVLQERWKPXWDQWDQG:7)LJ&6LPLODUO\WKH
VLJQDO FRUUHVSRQGLQJ WR WKH 1$' VXEXQLW V\QWKHVL]HG LQVLGH PLWRFKRQGULD ZDV IRXQG LQ
ERWKJHQRW\SHV
+HQFH WKHVH UHVXOWV LQGLFDWH WKDW DV H[SHFWHG IURP XQGHWHFWDEOH OHYHOV RI
NDUFS8.1 DQG NDUFS8.2 WUDQVFULSWV WKH 1'8)6 VXEXQLW LV QRW V\QWKHVL]HG RU RQO\ LQ
WUDFH DPRXQWV LQ WKH GRXEOH PXWDQW UHVXOWLQJ LQ &, PLVDVVHPEO\ 'HVSLWH PDUNHG
GLVWXUEDQFHV LQ WKH FRPSRVLWLRQ RI UHVSLUDWRU\ FRPSOH[HV LQFOXGLQJ DFFXPXODWLRQ RI $2;
SURWHLQV QR DEQRUPDOLWLHV RI PLWRFKRQGULDO XOWUDVWUXFWXUH FRXOG EH REVHUYHG E\ HOHFWURQ
PLFURVFRS\LQndufs8.1 ndufs8.26XSSOHPHQWDO)LJ6LQFRQWUDVWWRZKDWZDVREVHUYHGLQ
nMatPXWDQWV.HUHQHWDO&RKHQHWDO
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 
Development of single and double mutants for the NDUFS8 subunit under LD condition  

8QGHUJUHHQKRXVHFRQGLWLRQVi.eQDWXUDOLOOXPLQDWLRQVXSSOHPHQWHGE\KOLJKWLQJ
ZLWK IOXRUHVFHQW WXEHV VHHGOLQJ GHYHORSPHQW URVHWWH PRUSKRORJ\ DQG DGXOWVWDJH VL]H RI
ndufs8.1DQGndufs8.2VLQJOHPXWDQWVZHUHVLPLODUWRWKH:76XSSOHPHQWDO)LJ67KDWLV
WKH ODFN RI DQ\ RI WKH WZR 1'8)6 SURWHLQV DSSHDUHG WR EH IXOO\ FRPSHQVDWHG IRU DW DOO
GHYHORSPHQWDO VWDJHV XQGHU JUHHQKRXVH FRQGLWLRQV +RZHYHU GHYHORSPHQW RI in vitro
JHUPLQDWHGVHHGOLQJVZDVVOLJKWO\GHOD\HGLQERWKVLQJOHPXWDQWV6XSSOHPHQWDO)LJ6'
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,Q FRQWUDVW WR VLQJOH PXWDQWV JURZWK RI WKH ndufs8.1 ndufs8.2 GRXEOH PXWDQW ZDV
PDUNHGO\ GHOD\HG ERWK XQGHU JUHHQKRXVH DQG JURZWK FKDPEHU KK GD\QLJKW DW 
PROPV3$5FRQGLWLRQV5HGXFHGGHYHORSPHQWRIin vitroJHUPLQDWLQJVHHGOLQJVFRXOG
EHSDUWO\DOOHYLDWHGE\VXFURVHVXSSOHPHQWDWLRQDVSUHYLRXVO\UHSRUWHGIRURWKHU$UDELGRSVLV
&,PXWDQWV.HUHQHWDO.KQHWDO/HDYHVZHUHVRPHZKDWPRUHURXQGVKDSHG
LQndufs8.1 ndufs8.2WKDQ&RORQHVDOWKRXJKQRWRWKHUZLVHPDOIRUPHG%ROWLQJZDVGHOD\HG
IRUDERXWZHHNVZKHUHDVOHDIVL]HDWWKHPDWXUHURVHWWHVWDJHKHLJKWDQGOHDIGLPHQVLRQVRI
DGXOWSODQWVVWUXFWXUHRI WKH LQIORUHVFHQFH IORZHUPRUSKRORJ\DQGQXPEHURIVLOLTXHVZHUH
XQDIIHFWHG 6XSSOHPHQWDO )LJ 6% 3ROOHQ ZDV IXOO\ IHUWLOH DV WHVWHG E\ $OH[DQGHU G\H
VWDLQLQJ6XSSOHPHQWDO)LJ6&$WERWKURVHWWHDQGDGXOWVWDJHVGLPHQVLRQVDQGDVSHFWRI
ndufs4 SODQWV ZHUH VLPLODU WR WKRVH RI ndufs8.1 ndufs8.2 RQHV GHVSLWH D ORZHU JHUPLQDWLRQ
UDWH6XSSOHPHQWDO)LJ&DQGDVOLJKWO\ORZHUJURZWKUDWHRI\RXQJSODQWOHWV6XSSOHPHQWDO
)LJ 6% 7DNHQ WRJHWKHU DQG FRQVLGHULQJ WKH DEVHQFH RI SKHQRW\SLF DOWHUDWLRQV LQ VLQJOH
PXWDQWV WKHVHREVHUYDWLRQVSURYLGHFRPSHOOLQJHYLGHQFHWKDWWKHVORZJURZWKSKHQRW\SHRI
ndufs8.1 ndufs8.2GRXEOHPXWDQWLVFDXVHGE\WKHKLJKUHGXFWLRQLQ&,DFWLYLW\
 
Growth enhancement associated to the transfer from SD to LD condition is similarly 
compromised in both QGXIVQGXIVandQGXIV mutants  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6XSSOHPHQWDO )LJ6 LQ HLWKHU /'RU 6'FRQGLWLRQV
0RUHRYHU WKH HOHFWURQ IOX[ WR R[\JHQDWLRQ Jo DQG OHDI JO\FRODWH R[LGDVH DFWLYLW\ GLG QRW
VLJQLILFDQWO\ GLIIHU EHWZHHQ JHQRW\SHV DQG SKRWRSHULRGV 6XSSOHPHQWDO )LJ 6'
LQGLFDWLQJ D VLPLODU SKRWRUHVSLUDWLRQ UDWH LQ DOO FDVHV 1HYHUWKHOHVV DSSDUHQW FDUER[\ODWLRQ
HIILFLHQF\ &H WKH LQLWLDO VORSH RI WKH A/Ci UHODWLRQVKLS LQVHW LQ 6XSSOHPHQWDO )LJ 6$
5XELVFRFDSDFLW\DQGWRWDOOHDI$73FRQWHQWVZHUHKLJKHULQWKHPXWDQWWKDQLQ:7LQ6'EXW
ZHUHQRWVWLPXODWHGE\/')LJ$$OVRFKORURSK\OOa/b UDWLRVWRPDWDOFRQGXFWDQFHgs
DQG GDUN UHVSLUDWLRQ &2 HYROXWLRQ LQ GDUNQHVV GLG QRW VLJQLILFDQWO\ GLIIHU EHWZHHQ
JHQRW\SHV LQ 6' DQG LQFUHDVHG LQ /' LQ WKH :7 RQO\ +HQFH SK\VLRORJLFDO SDUDPHWHUV
VKRZHG WKDW JURZWK LPSDLUPHQW LQ ndufs8.1 ndufs8.2 GLG QRW FRPH IURP JDV H[FKDQJH
DOWHUDWLRQ SKRWRV\QWKHWLF RU SKRWRUHVSLUDWRU\ HIIHFWV LQ HLWKHU 6' RU /' EXW SKRWRSHULRG
DFFOLPDWLRQRISKRWRV\QWKHWLFSDUDPHWHUVDSSHDUHGWREHFRPSURPLVHGLQWKHPXWDQW
,QFRQWUDVWWRFDUERQDVVLPLODWLRQQLWURJHQDVVLPLODWLRQZDVPDUNHGO\DIIHFWHGLQWKH 
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ndufs8.1 ndufs8.2 PXWDQW )LJ % 'HVSLWH DQ LQFUHDVH LQ WKH PXWDQW RI WRWDO DPLQR DFLGV
i.e.KLJKHUWKDQLQWKH:7XQGHU6'DQGDERXWWZRIROGKLJKHUXQGHU/'DQGSURWHLQV
FRQWHQWVXQGHU6'WRWDO1FRQWHQWZDVVOLJKWO\UHGXFHGXQGHUERWKSKRWRSHULRGV)LJ
%0RUHRYHU PD[LPXP15DFWLYLW\ WUDQVFULSW OHYHOVRI WKH PDMRUQLWUDWH UHGXFWDVHJHQH
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NR2DQGQLWUDWHFRQWHQWVZHUHORZHULQWKHPXWDQWWKDQLQWKH:7XQGHU6'6LQFHQLWURJHQ
DVVLPLODWLRQZDVQRWVLJQLILFDQWO\DIIHFWHGE\SKRWRSHULRGLQWKHPXWDQWZKHUHDVLWZDVORZHU
LQ /' WKDQ LQ 6' SODQWV LQ WKH :7 DOVR REVHUYHG E\ *LERQ HW DO  WKLV UHVXOWHG LQ
OHVVHU SKHQRW\SLF GLIIHUHQFHV XQGHU /' ,Q DGGLWLRQ ZH H[DPLQHG WKH H[SUHVVLRQ RI TOR2
DQGLST8WZRNH\JHQHVRIWKH725SDWKZD\ZKLFKZHUHSUHYLRXVO\IRXQGWREHLQYROYHGLQ
JURZWK DQG SKRWRSHULRG DGDSWDWLRQ 0RUHDX HW DO  %RWK JHQHV ZHUH XSUHJXODWHG LQ
/'DVFRPSDUHGWR6'LQERWKndufs8.1ndufs8.2 DQG:7WKXVVXJJHVWLQJWKDWWKHDFFHOHUDWHG
JURZWK UDWH LQ/' PLJKWEHQHILW IURP WKH 725SDWKZD\ LQGHSHQGHQWO\RI&, DFWLYLW\ )LJ
& DOWKRXJK SRVWWUDQVFULSWLRQDO FKDQJHV PLJKW EH LQYROYHG :H DOVR PHDVXUHG WUDQVFULSW
OHYHOV RI CCA1 DQG LHY FORFN UHJXODWRUV ZKLFK DUH LPSRUWDQW IRU JURZWK DQG IORZHULQJ
UHYLHZHGLQ1DJHODQG.D\5HPDUNDEO\OHYHOVRIERWKWUDQVFULSWVZHUHVLJQLILFDQWO\
KLJKHULQWKHPXWDQWWKDQLQWKH:7XQGHU6'EXWORZHUXQGHU/'GXHWKHLUVWLPXODWLRQE\
/'LQWKH:7)LJ'$OWKRXJKWKHVHH[SUHVVLRQSURILOHVZRXOGUHTXLUHDFRPSUHKHQVLYH
DQDO\VLVRIIXOOGLXUQDOF\FOHDQGRWKHUFORFNUHJXODWRUVWKH\VXJJHVWWKDWWKHJHQHWLFFRQWURO
RIWKHFLUFDGLDQUK\WKPPLJKWEHDOWHUHGLQndufs8.1ndufs8.2 SODQWV7DNHQWRJHWKHUUHVXOWV
VKRZ WKDW FDUERQ DQG QLWURJHQ PHWDEROLVPV DUH OHVV DIIHFWHG E\ WKH 6' WR /' WUDQVIHU LQ
ndufs8.1 ndufs8.2 WKDQ LQ WKH:7 LQSRVVLEOH UHODWLRQ WRDQDOWHUHGFLUFDGLDQUK\WKP LQ WKH
PXWDQW
 
Photoperiodic regime differentially modulates redox homeostasis in WT and the QGXIV
QGXIVmutant
 
6LJQDOLQJRI WKHSKRWRSHULRGUHVSRQVHKDVEHHQSURSRVHGWREHXQGHUUHGR[FRQWURO LQ
$UDELGRSVLV/HSLVW|DQG5LQWDPlNL526DFFXPXODWLRQKDVEHHQSUHYLRXVO\REVHUYHG
LQYDULRXV$UDELGRSVLV&,PXWDQWVLQFOXGLQJndufs40H\HUHWDO.HUHQHWDO
6RWRHWDOEXWQRWLQWKHWREDFFR&06,,PXWDQW'XWLOOHXOHWDOE ,QWKLVZRUN
WKH KLJK KHWHURJHQHLW\ EHWZHHQ LQGLYLGXDO LOOXPLQDWHG OHDYHV SUHYHQWHG XV IURP
GHPRQVWUDWLQJDQ\FRQVLVWHQWGLIIHUHQFHVLQ526FRQWHQWEHWZHHQndufs8.1ndufs8.2DQG:7
XQGHU ERWK SKRWRSHULRGV XVLQJ QLWUREOXH WHWUD]ROLXP 1%7 DQG GLDPLQREHQ]LGLQH '$%
VWDLQLQJ RI VXSHUR[LGH DQG K\GURJHQ SHUR[LGH UHVSHFWLYHO\ 6XSSOHPHQWDO )LJ 6 :H
WKHUHIRUH XVHG VSLQWUDSSLQJ (35 VSHFWURVFRS\ $ W\SLFDO (35 FRPSDULVRQ RI 6' DQG /'
SODQWVLVVKRZQLQ)LJ$LQGLFDWLQJQRGLIIHUHQFHEHWZHHQ:7DQGPXWDQWLOOXPLQDWHGOHDI
GLVNVGXULQJPLQRI6'SODQWV,QERWKJHQRW\SHVWKH526FRQWHQWZDVORZDIWHUDGDUN
SHULRGPLQUHIOHFWLQJWKHDEVHQFHRISKRWRV\QWKHVLV,QWKH:7WKHDPRXQWRIDSRSODVWLF
 www.plantphysiol.org on December 15, 2016 - Published by www.plantphysiol.orgDownloaded from 
Copyright © 2016 American Society of Plant Biologists. All rights reserved.
Pétriacq et al.                                       Importance of Complex I for the photoperiod response 

 
526 GLIIXVLQJ WR WKH PHGLXP ZDV YLVLEO\ ORZHU LQ /' WKDQ LQ 6' DV SUHYLRXVO\ UHSRUWHG
0LFKHOHWDQG.ULHJHU/LV]ND\%\FRQWUDVWWKHUHZDVQRFOHDUSKRWRSHULRGHIIHFWRQ
526 DPRXQWV LQ WKH ndufs8.1 ndufs8.2 PXWDQW :H WKHQ GHWHUPLQHG OHDI HQGRJHQRXV 526
FRQWHQWXVLQJ OXPLQROFKHPLOXPLQHVFHQFHERWKDW WKH PLGGOHRI WKH OLJKWSHULRGDQGDW WKH
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HQGRIWKHGDUNSHULRG)LJ%,QJRRGDJUHHPHQWZLWKWKH(35UHVXOWVWKHOXPLQHVFHQFH
VLJQDOZDVVLJQLILFDQWO\ORZHULQ/'WKDQLQ6'LQ:7LOOXPLQDWHGOHDYHVZKLOH LWZDVQRW
PDUNHGO\GLIIHUHQWLQWKHPXWDQW7KHUHIRUHDOWKRXJK526FRQWHQWRILOOXPLQDWHGOHDYHVZDV
ORZHU LQ ndufs8.1 ndufs8.2 WKDQ LQ WKH :7 XQGHU 6' WKH\ ZHUH VLPLODU LQ ERWK JHQRW\SHV
XQGHU/'$VREVHUYHGLQWKHOLJKW526FRQWHQWVRIERWKJHQRW\SHVZHUHORZHULQ/'WKDQLQ
6'DWWKHHQGRIWKHGDUNSHULRG+RZHYHULQFRQWUDVWWRWKHPLGGOHRIWKHOLJKWSHULRGGDUN
526 FRQWHQW WHQGHG WR EH KLJKHU LQ WKH PXWDQW WKDQ LQ WKH :7 PD\EH UHIOHFWLQJ DOWHUHG
PLWRFKRQGULDOPHWDEROLVP
:H IXUWKHU H[DPLQHG WUDQVFULSW OHYHOV RI R[LGDWLYH VWUHVV PDUNHUV LQ GLIIHUHQW FHOO
FRPSDUWPHQWV PLWRFKRQGULDO DOWHUQDWLYH R[LGDVH AOX1a 6DLVKR HW DO  DQG H[WHUQDO
1$'3+ GHK\GURJHQDVH NDB2 0LFKDOHFND HW DO  <RVKLGD DQG 1RJXFKL 
FKORURSODVWLFIHUULWLQ FER1 RSGHQ&DPSHWDOF\WRVROLFDVFRUEDWHSHUR[LGDVHAPX1 
.RXVVHYLW]N\ HW DO  DQG SHUR[LVRPDO FDWDODVH CAT2 1RFWRU HW DO  ,Q
LOOXPLQDWHG 6' OHDYHV H[SUHVVLRQ OHYHOV RI DQWLR[LGDQW HQ]\PHV ZHUH QRW KLJKHU LQ WKH 
ndufs8.1 ndufs8.2 PXWDQW WKDQ LQ WKH :7 DQG WKH\ ZHUH LQFUHDVHG XQGHU /' LQ ERWK
JHQRW\SHVH[FHSWIRUCAT2P51$VWKDWZHUHLQFUHDVHGRQO\LQWKH:7)LJ&$OWKRXJK
NDB2 WUDQVFULSWV DFFXPXODWHGSURSRUWLRQDOO\PRUH LQ WKHPXWDQW WKDQ LQ:7AOX1aZHUH
VLPLODULQERWKJHQRW\SHVUHJDUGOHVVRIWKHSKRWRSHULRG7KLVZDVXQH[SHFWHGVLQFHWKH$2;
SURWHLQZDVIRXQGWREHPRUHDEXQGDQWLQWKHPXWDQWXQGHUJUHHQKRXVHFRQGLWLRQV)LJ&
,QRUGHUWRH[DPLQHZKHWKHUAOX1aWUDQVFULSWDFFXPXODWLRQPLJKWUHVSRQGWROLJKWLQWHQVLW\
6' DQG /' SODQWV ZHUH WUDQVIHUUHG WR  PRO P V 3$5 IRU  GD\V 8QGHU WKHVH
FRQGLWLRQVAOX1aWUDQVFULSWVDSSHDUHGWREHPDUNHGO\KLJKHULQWKHPXWDQWWKDQLQWKH:7
LQ/'ZKLOVWCAT2OHYHOVZHUHOHVVDEXQGDQW6XSSOHPHQWDO)LJ6$VKRZLQJDFURVVHG
HIIHFW RI LOOXPLQDWLRQ DQG SKRWRSHULRG :KHQ SODQWV ZHUH JURZQ LQ WKH JUHHQKRXVH LQ /'
AOX1aDQGNDB2 P51$VZHUHDOVRPRUHDEXQGDQWLQWKHPXWDQWWKDQLQWKH:7DWPLGGOH
RIWKHOLJKWSHULRGLQFRQWUDVWWRRWKHUUHGR[PDUNHUV6XSSOHPHQWDO)LJ6%,QDGGLWLRQ
WUDQVFULSWOHYHOVRIAOX1aNDB2,APX1 DQG BAP1 %RQ]RLDVVRFLDWHGSURWHLQDPDUNHURI
R[LGDWLYH VWUHVV LQ WKH FKORURSODVWLF FRPSDUWPHQW RS GHQ &DPS HW DO  ZHUH
FRQVLGHUDEO\ ORZHU DW WKH HQGRI WKHGDUN SHULRG WKDQ DW PLGGOH RI WKH OLJKW SHULRG LQERWK
JHQRW\SHV6XSSOHPHQWDO)LJ6%
3UHYLRXVZRUNKDVVKRZQWKDW UHGR[KRPHRVWDVLVRI&06,,SODQWV LQ/'FRQGLWLRQ
ZDV DVVRFLDWHG WR DFWLYDWLRQ RI WKH HQ]\PDWLF DQWLR[LGDQW V\VWHP 'XWLOOHXO HW DO E
6LPLODUO\ZHIRXQGKLJKHUGHWR[LILFDWLRQDFWLYLWLHV LQndufs8.1ndufs8.2- WKDQ LQ:7SODQWV
XQGHU ERWK SKRWRSHULRGV 6XSSOHPHQWDO )LJ 6 %RWK FDWDODVH &$7 WKH PDMRU +2
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GHWR[LI\LQJHQ]\PH LQSODQW OHDYHV:LOOHNHQVHW DODQGQRQFKORURSODVWLF DVFRUEDWH
SHUR[LGDVH i.e. F\WRSODVPLF F$3; DFWLYLWLHV ZHUH VLJQLILFDQWO\KLJKHU LQ WKH PXWDQW XQGHU
6' ZKHUHDV JOXWDWKLRQH UHGXFWDVH *5 D NH\ HQ]\PH RI WKH DVFRUEDWHJOXWDWKLRQH F\FOH
)R\HUDQG1RFWRUZDVKLJKHUXQGHU/',QERWKJHQRW\SHVDQWLR[LGDQWDFWLYLWLHVZHUH
KDUGO\DIIHFWHGE\SKRWRSHULRGH[FHSWF$3;WKDWZDVFOHDUO\LQKLELWHGXQGHU/',QDGGLWLRQ
WKH PXWDQW KDG KLJKHU OHYHOV RI DQWKRF\DQLQV LQYROYHG LQ UHGR[ FRQWURO LQ $UDELGRSVLV
9DQGHUDXZHUD HW DO  WKDQ LQ WKH :7 XQGHU ERWK SKRWRSHULRGV HVSHFLDOO\ GXULQJ WKH
ILUVW GD\V IROORZLQJ WUDQVIHU IURP 6' WR /' 6XSSOHPHQWDO )LJ 6 +HQFH RXU UHVXOWV
LQGLFDWHWKDWWKH ndufs8.1ndufs8.2PXWDQWGRHVQRWH[KLELWDJHQHUDOR[LGDWLYHVWUHVVLQHLWKHU
6'RU/'OLNHO\EHFDXVHRIWKHLQGXFWLRQRIDQWLR[LGDQWDFWLYLWLHV+RZHYHUWKHSKRWRSHULRG
DQG OLJKWGDUN UHVSRQVHV DSSHDUHG WR EH DOWHUHG SRVVLEO\ UHIOHFWLQJ VRPH GLIIHUHQFHV LQ
VXEFHOOXODUGLVWULEXWLRQRI526LQSDUWLFXODUPW526DFFXPXODWLRQ

Photoperiod differentially modulates soluble antioxidants and UHGR[ FRIDFWRUV in WT, 
QGXIVQGXIVand QGXIVplants  
 
,QDGGLWLRQWRKLJKDFWLYLW\RIDQWLR[LGDQWHQ]\PHVLQ&06,,'XWLOOHXOHWDOE
9LGDO HW DO  &, PXWDQWV FRQWDLQ PRUH VROXEOH UHGR[ EXIIHUV WKDQ WKH :7 LQ /'
FRQGLWLRQ'XWLOOHXOHWDO.KQHWDO+HUHZHIRXQGWKDWWRWDOOHDIJOXWDWKLRQH
*6+DQG*66*IRUUHGXFHGDQGR[LGL]HGIRUPVUHVSHFWLYHO\DQGDVFRUEDWHERWKUHGXFHG
DQG R[LGL]HG IRUP GHK\GURDVFRUEDWH ZHUH KLJKHU LQ ERWK ndufs8.1 ndufs8.2 DQG ndufs4 
PXWDQWV WKDQ LQ WKH :7 XQGHU ERWK 6' DQG /' DFFRPSDQLHG E\ VOLJKWO\ KLJKHU R[LGDWLRQ
)LJ$. 1RWLFHDEO\ OHYHOVRIERWKUHGR[EXIIHUVZHUHKLJKHU LQndufs4 WKDQ LQndufs8.1
ndufs8.2 LQ6'7UDQVIHU WR/'UHVXOWHG LQDJOXWDWKLRQH LQFUHDVH LQ:7DQG ndufs8.1
ndufs8.2ZKHUHDV OHYHOVZHUHXQFKDQJHG LQ ndufs4. 1RVLJQLILFDQWGLIIHUHQFHV LQ DVFRUEDWH
FRQWHQWEHWZHHQ6'DQG/'FRQGLWLRQVZHUHREVHUYHGLQGHSHQGHQWO\RIJHQRW\SH
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,QFRQWUDVWWRUHGR[EXIIHUV1$'+FRQWHQWZDVKLJKHULQndufs8.1ndufs8.2WKDQ
LQ :7 XQGHU 6' FRQGLWLRQ RQO\ ZKHUHDV ndufs4 GLVSOD\HG KLJKHU FRQWHQWV XQGHU ERWK
SKRWRSHULRGV)LJ%$FOHDUEXLOGXSLQWRWDOOHDI1$'+ZDVREVHUYHGXQGHU/'LQWKH
:7EXWQRWLQWKHPXWDQWV8QGHUERWKSKRWRSHULRGVWKH1$'SRROZDVPRUHUHGXFHGODUJHU
 www.plantphysiol.org on December 15, 2016 - Published by www.plantphysiol.orgDownloaded from 
Copyright © 2016 American Society of Plant Biologists. All rights reserved.
Pétriacq et al.                                       Importance of Complex I for the photoperiod response 

 
1$'+1$'UDWLRLQWKHPXWDQWV WKDQLQ&RO,QWHUHVWLQJO\PW1$' OHYHOVGHWHUPLQHG
LQ3HUFROOSXULILHGOHDIPLWRFKRQGULDZHUHQRWVLJQLILFDQWO\DIIHFWHGE\WKHSKRWRSHULRGDQG
ZHUH KLJKHU LQ WKH PXWDQW WKDQ LQ WKH :7 XQGHU ERWK 6' DQG /' )LJ $ 7RWDO OHDI
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1$'3+FRQWHQWVZHUH DOVRKLJKHU LQ WKH PXWDQWV WKDQ LQ WKH:7XQGHU6'DQGD VOLJKW
SKRWRSHULRGHIIHFWZDVREVHUYHGLQWKH:7RQO\)LJ%
,Q RUGHU WR GHWHUPLQH ZKHWKHU 1$' FRQWHQWV PLJKW EH UHJXODWHG DW WKH
WUDQVFULSWLRQDO OHYHOZH SHUIRUPHG 57T3&5DQDO\VHV RI JHQHV LQYROYHG LQ HLWKHU de novo
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1$'ELRV\QWKHVLVRU1$'UHF\FOLQJ1RFWRUHWDODVSDUWDWHR[LGDVH (AO, WKHILUVW
HQ]\PH RI WKH de novo SDWKZD\ LQ SODQWV .DWRK HW DO  TXLQROLQDWH V\QWKDVH QS 
TXLQROLQDWHSKRVSKRULERV\OWUDQVIHUDVH QPT, QLFRWLQDWHPRQRQXFOHRWLGHDGHQ\O\OWUDQVIHUDVH 
NaMNAT 1$' V\QWKHWDVH NADS DQG QLFRWLQDWH SKRVSKRULERV\OWUDQIHUDVHV NaPT2/4. 
:HDOVRH[DPLQHGH[SUHVVLRQRI PARP2 3RO\$'3ULERVHSRO\PHUDVHWKDWXVHV1$'DV
DVXEVWUDWHLQVWUHVVUHVSRQVHV6FKUHLEHU HWDO7KHUHZHUHFRQVLGHUDEOHGLIIHUHQFHVLQ
JHQH H[SUHVVLRQ EHWZHHQ JHQRW\SHV DQG SKRWRSHULRGV )LJ % 8QGHU 6' WKH KLJK OHDI
1$'FRQWHQWRIWKHPXWDQWDVFRPSDUHGWR:7ZDVDFFRPSDQLHGE\DQDFFXPXODWLRQRI
AO QPT, NADS, NaPT24 DQG PARP2 WUDQVFULSWs ,Q &RO NADS, QS, NaMNAT DQG 
NaPT2/4 WUDQVFULSWV ZHUH PRUH DEXQGDQW LQ /' WKDQ LQ 6' WKHUHE\ PDWFKLQJ WKH KLJKHU
1$' FRQWHQW ,Q FRQWUDVW AO, NADS, QPT, NaPT24 DQG PARP2 WUDQVFULSW OHYHOV ZHUH
ORZHULQWKHPXWDQWLQ/'WKDQLQ6'FRQGLWLRQ
+HQFHWKHORVVRI&,DFWLYLW\LQERWKPXWDQWVLVDVVRFLDWHGZLWK(i)DFFXPXODWLRQRI
UHGR[FRIDFWRUVXQGHU6'FRQGLWLRQVDQG(ii)LPSDLUHGUHGR[DFFOLPDWLRQWR/'FRQGLWLRQ

 
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'LVFXVVLRQ

Lack of the NDUFS8 subunit results in holo-CI mis-assembly and remodeling of the 
respiratory chain 
 
7KH1'8)6&, VXEXQLW LV KLJKO\ FRQVHUYHG IURPEDFWHULD WR(XNDU\RWHV LQFOXGLQJ
SODQWV.ORGPDQQHWDO,W LV ORFDWHGLQWKH4PRGXOHDQGELQGVWZR6)HFOXVWHUV
LQYROYHGLQHOHFWURQWUDQVIHUWRXELTXLQRQH(IUHPRYHWDO1'8)6ZDVIRXQGWREH
UHTXLUHG IRU KRORHQ]\PH DVVHPEO\ DQG DFWLYLW\ LQ EDFWHULD DQG KXPDQV 3URFDFFLR DQG
:DOODFH,QFRQWUDVWWRRWKHUVSHFLHVLQYHVWLJDWHGH[FHSWBrassica rapa$UDELGRSVLV
1'8)6 LV HQFRGHG E\ WZR JHQHV NDUFS8.1 DQG NDUFS8.2 )LJ $ H[SUHVVHG LQ
GLIIHUHQWWLVVXHV6FKPLGHWDO4LQHWDOEXWWKHLUUHVSHFWLYHUROHKDVQRWEHHQ
HVWDEOLVKHG VR IDU :H IRXQG WKDW NDUFS8.2 LV DERXW  WLPHV PRUH H[SUHVVHG WKDQ
NDUFS8.1 LQ &RO VHHGOLQJV DQG URVHWWH OHDYHV )LJ & 'HVSLWH WKH ODFN RI YLVLEOH
FRPSHQVDWLRQDWWKHWUDQVFULSWOHYHOQHLWKHU VLQJOHPXWDQWVVKRZHGDQ\DSSDUHQWGLIIHUHQFHV
LQ &, DVVHPEO\DFWLYLW\ )LJ  LQGLFDWLQJ WKDW SRVWWUDQVFULSWLRQDO WUDQVODWLRQDO FRQWUROV
RFFXUUHGRUDOWHUQDWLYHO\WKDW1'8)6DPRXQWZDVQRWOLPLWLQJ7KHVHUHVXOWVLQGLFDWHWKDW
WKH WZR 1'8)6 VXEXQLWV KDYH VLPLODU UROHV LQ &, DVVHPEO\ IRUPLQJ FRPSOH[HV DEOH WR
GLVSOD\ QRUPDO 1$'+ GHK\GURJHQDVH DFWLYLW\ ,QWHUHVWLQJO\ DOWKRXJK QR SKHQRW\SLF
DOWHUDWLRQV ZHUH REVHUYHG LQ VLQJOH PXWDQWV JURZQ XQGHU JUHHQKRXVH FRQGLWLRQV in vitro
JHUPLQDWLQJVHHGOLQJVGLVSOD\DVOLJKWO\UHGXFHGJURZWKUDWHVXJJHVWLQJWKDWSUHVHQFHRIERWK
VXEXQLWV LV EHQHILFLDO DW VRPH GHYHORSPHQW VWDJHV LQ SDUWLFXODU EHIRUH DXWRWURSK\ )XUWKHU
LQYHVWLJDWLRQV DUH UHTXLUHG WR HVWDEOLVK SRWHQWLDO GLIIHUHQFHV LQ WKH FRPSRVLWLRQ RI WKH &,
FRPSOH[LQGLIIHUHQWWLVVXHVDQGHQYLURQPHQWV 
,Q FRQWUDVW WR WKH VLQJOH PXWDQWV WKH ndufs8.1 ndufs8.2 GRXEOH PXWDQW KDV
XQGHWHFWDEOH OHYHOV RI ERWK WUDQVFULSWV )LJ & DQG ODFNV GHWHFWDEOH KROR&,
DVVHPEO\DFWLYLW\ 7KLV FOHDUO\ HYLGHQFHV WKH DEVHQFH RU RQO\ UHVLGXDO DPRXQWV RI WKH
1'8)6 VXEXQLW LQ WKH GRXEOH PXWDQW DQG LWV FHQWUDO UROH LQ KROR&, DVVHPEO\ LQ SODQWV
$OWKRXJKWUDFHVRIKROR&,FRXOGQRWEHGHWHFWHGXVLQJLPPXQRFKHPLVWU\XVLQJDQWL1$'
DQG DQWL&$ DQWLVHUD RU 1'+1%7 LQJHO DVVD\V LQ ndufs8.1 ndufs8.2 YHU\ ORZ OHYHOV RI
SRO\SHSWLGHV SRWHQWLDOO\ FRUUHVSRQGLQJ WR &, VXEXQLWV FDQ EH GLVWLQJXLVKHG XVLQJ ' %1
6'63$*( 6XSSOHPHQWDO )LJ 6 VXJJHVWLQJ WKDW VXEVWRLFKLRPHWULF DPRXQWV RI WKH
FRPSOH[ PLJKW LQGHHG EH SUHVHQW )XUWKHUPRUH VXEFRPSOH[HV PLJKW EH DVVHPEOHG DV
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UHSRUWHG IRU PDQ\ &, PXWDQWV ODFNLQJ HLWKHU SHULSKHUDO RU PHPEUDQH VXEXQLWV LQ SODQWV
.DUSRYDDQG1HZWRQ%UDQJHRQHWDO3LQHDXHWDO0H\HUHWDO
.KQHWDO6RWRHWDODQGKXPDQV9RJHOHWDO$VSHFLILFPW&$VLJQDO
ZDVDVDEXQGDQWLQndufs8.1 ndufs8WKDQLQ&ROPWSURWHLQV)LJ&VXJJHVWLQJWKDWVXE
FRPSOH[HVDVVRFLDWHG WR WKH&$GRPDLQ SRVVLEO\DVVHPEO\ LQWHUPHGLDWHV VHH:DQJHW DO
PLJKWEHSUHVHQWLQWKLVPXWDQWDVSUHYLRXVO\UHSRUWHGLQndufs4.KQHWDO
%HVLGHVSRWHQWLDOWUDFHVRIKROR&,WKHLQGXFWLRQRIDOWHUQDWLYHUHVSLUDWRU\HQ]\PHV
PLJKW EH FUXFLDO WR VXVWDLQ UHVSLUDWLRQ LQ ndufs8.1 ndufs8.2 ,Q DGGLWLRQ WR &RPSOH[ ,,
VXFFLQDWHGHK\GURJHQDVHQRQSKRVSKRU\ODWLQJDOWHUQDWLYH1$'3+GHK\GURJHQDVHVW\SH
,, GHK\GURJHQDVHV ORFDWHG RQ WKH LQQHU DQG RXWHU VXUIDFH RI WKH LQQHU PLWRFKRQGULDO
PHPEUDQHDUHHVVHQWLDOIRUSODQWJURZWKDQGPHWDEROLVP/LXHWDO:DOOVWU|PHWDO
 7KHLU DFWLYLW\ GHSHQGV RQ SODQW PHWDEROLF VWDWXV VXFK DV 1$'+ DQG &D
FRQFHQWUDWLRQ5DVPXVVRQHWDO7KHVWLPXODWLRQRIERWKLQWHUQDODQGH[WHUQDOHQ]\PHV
ZDVUHSRUWHGLQWKHWREDFFR&06,,DQG106PXWDQWV6DEDUHWDODQGLQGXFWLRQRI
H[WHUQDOHQ]\PHVZDVUHSRUWHGLQPDL]H 1&6 0DULHQIHOGDQG1HZWRQ DQGLQ ndufs4 
0H\HUHWDO6LPLODUWR&06,,DQGndufs4PXWDQWV0H\HUHWDO .KQHWDO
 WRWDOUHVSLUDWLRQPHDVXUHGHLWKHUDVR[\JHQFRQVXPSWLRQ)LJ$RUDV&2HPLVVLRQ
)LJ $ZDVQRW DOWHUHG LQ ndufs8.1 ndufs8.2 /' OHDYHV LQGLFDWLQJ WKDW WKH HOHFWURQ IOX[
WKURXJKDOWHUQDWLYH1$'3+GHK\GURJHQDVHVZDV VWLPXODWHG LQ WKHPXWDQW&RQVLVWHQWO\
ZH IRXQG DQ DFFXPXODWLRQ LQ PLWRFKRQGULDO 1$'+ LQ ndufs8.1 ndufs8.2 )LJ $ DV
ZRXOGEHH[SHFWHGFRQVLGHULQJWKHORZDIILQLW\IRU1$'+RIWKHVHHQ]\PHV0¡OOHU
$OVRDV UHSRUWHG IRURWKHU&,PXWDQWV LQFOXGLQJndufs4 6DEDUHW DO .DUSRYDHW DO
 0H\HU HW DO  .HUHQ HW DO  &RKHQ HW DO  LQFUHDVHG $2; SURWHLQ
FRQWHQWDQGFDSDFLW\ZHUHREVHUYHGLQndufs8.1 ndufs8.2 )LJ%DQG)LJ&,QWHUHVWLQJO\
$2; DFFXPXODWLRQ ZDV DFFRPSDQLHG E\ UHGXFHG DFRQLWDVH WUDQVFULSW OHYHOV 6XSSOHPHQWDO
)LJ 6 DQG LQFUHDVHG FRQWHQW LQ FLWUDWH )LJ  )LJ  DQG )LJ6 D ZHOONQRZQ $2;
DFWLYDWRU9DQOHUEHUJKHDQG0F,QWRVK+LJKHOHFWURQSDUWLWLRQLQJWR$2;FRXOGKDYH
DOORZHG UHR[LGDWLRQ RI H[FHVV RI 1$'+ LQ WKH PLWRFKRQGULDO PDWUL[ FDXVHG E\ &,
LPSDLUPHQWZKLOH WKH&2;SDWKZD\ LV HVVHQWLDOO\ FRQWUROOHGE\$73 )ORUH]6DUDVDHW DO
 +HUH VLQFH DOWHUQDWLYH SDWKZD\V DUH QRQSKRVSKRU\ODWLQJ QRW FRXSOHG WR +
WUDQVORFDWLRQWKH$73\LHOGRIPLWRFKRQGULDOHOHFWURQWUDQVSRUWLVH[SHFWHGWREHUHGXFHGLQ
ndufs8.1 ndufs8.2,DVUHSRUWHGLQ&06,,6DEDUHWDODQGndufs40H\HUHWDO
,Q VXPPDU\ WKHUH LV DQ LQGXFWLRQ RI DOWHUQDWLYH UHVSLUDWRU\ SDWKZD\V LQ ndufs8.1 ndufs8.2
VLPLODU WRPRVW&,PXWDQWV LQYHVWLJDWHGVRIDU+RZHYHU LQFRQWUDVW WR&06,,9LGDOHWDO
 www.plantphysiol.org on December 15, 2016 - Published by www.plantphysiol.orgDownloaded from 
Copyright © 2016 American Society of Plant Biologists. All rights reserved.
Pétriacq et al.                                       Importance of Complex I for the photoperiod response 

 
 3ULDXOW HW DO  WKH in vivo HOHFWURQ SDUWLWLRQ WR $2; LV LQFUHDVHG LQ ndufs8.1 
ndufs8.2
 
Large reduction of CI activity results in a similar phenotype in ndufs8.1 ndufs8.2 and 
ndufs4 mutants grown under LD condition. 

3ODQW&,PXWDQWVKDYHGLIIHUHQWSKHQRW\SHVIURPPLOGJURZWKUHWDUGDWLRQRQO\DVLQ
ndufs4 WR VHYHUH PRUSKRORJLFDOGHIHFWVDV LQ WREDFFR&06,,106DQGPDL]Hncs2RU
HYHQQHDUOHWKDOnMat, ndufv1VHH,QWURGXFWLRQ+HUHZHIRXQGWKDW WKHndufs8.1 ndufs8.2 
GRXEOH PXWDQWGLVSOD\VDPLOGSKHQRW\SHZLWKRXWSKHQRW\SLFDOWHUDWLRQVDWWKHDGXOWVWDJHLQ
IORZHULQJ FRQGLWLRQV /' 6XSSOHPHQWDO )LJ 6 7KH VORZJURZLQJ SKHQRW\SH LV FOHDUO\
UHODWHGWRKROR&,KLJKO\UHGXFHGFRQWHQWV LQWKHGRXEOHPXWDQWDVERWKVLQJOHPXWDQWVKDG
&,DVVHPEO\DFWLYLW\DQGJURZWKUDWHVLGHQWLFDOWRWKH:77KLVDOVRLQGLFDWHVWKHDEVHQFHRI
XQLGHQWLILHG LQVHUWLRQV LQ WKH PXWDQWV DW OHDVW LQVHUWLRQV ZLWK SKHQRW\SLF FRQVHTXHQFHV
'HVSLWH YHU\ VOLJKW GLIIHUHQFHV LQ JHUPLQDWLRQ   DQG VHHGOLQJ JURZWK UDWHV 
ndufs8.1 ndufs8.2 SODQWV ZHUH VLPLODU WR ndufs4 SODQWV DW VXEVHTXHQW GHYHORSPHQWDO VWDJHV
6XSSOHPHQWDO )LJ 6 DQG )LJ 6 7KH PLOG SKHQRW\SH RI WKH ndufs4 PXWDQW KDV EHHQ
VXJJHVWHGWRUHVXOWIURPSHUVLVWLQJWUDFHDPRXQWVRI&,DFWLYLW\.KQHWDO $OWKRXJK
ZHZHUHXQDEOHWRGHWHFWDQ1'+1%7VLJQDODURXQG0'DLQndufs8.1 ndufs8.2%13$*(
)LJ  ORZ OHYHOV RI &, DFWLYLW\ FDQQRW EH H[FOXGHG VLQFH VXEVWRLFKLRPHWULF DPRXQWV RI
SXWDWLYH &, VXEXQLWV DUH GHWHFWHG E\ ' %16'6 3$*( 6XSSOHPHQWDO )LJ 6 
1HYHUWKHOHVV LW LV QRW SRVVLEOH WR HVWLPDWH DFFXUDWHO\ SRVVLEOH GLIIHUHQFHV LQ VXE
VWRLFKLRPHWULF KROR&, OHYHOV EHWZHHQ ndufs8.1 ndufs8. DQG ndufs4 PXWDQWV GXH WR WKH
OLPLWHGVHQVLWLYLW\RIGHWHFWLRQPHWKRGVGLVFXVVHGLQ.HUHQHWDO
 $V IRU RWKHU &, PXWDQWV WKH ORZHU HIILFLHQF\ RI WKH UHVSLUDWRU\ FKDLQ GLVFXVVHG
DERYHPLJKWH[SODLQWKHVORZJURZWKSKHQRW\SHRIndufs8.1 ndufs8.2 /'SODQWV6LPLODUWR
nMat, ndufs4 DQG ndufv1 PXWDQWV .HUHQ HW DO  .KQ HW DO  VXFURVH
VXSSOHPHQWDWLRQLPSURYHVin vitroGHYHORSPHQWRIndufs8.1 ndufs8.2VHHGOLQJV6XSSOHPHQWDO
)LJ 6' VXJJHVWLQJ WKDW SKRWRV\QWKHWLF $73 PLJKW FRPSHQVDWH IRU ORZHU PW$73
SURGXFWLRQ1HYHUWKHOHVVDVSUHYLRXVO\UHSRUWHGIRU&06,,6]DOHWDO'MHEEDUHWDO
DQGndufs4 0H\HUHWDOWRWDOOHDI$73RILOOXPLQDWHGOHDYHVZDVQRWDIIHFWHG
LQndufs8.1 ndufs8.2)LJ%LQGLFDWLQJHLWKHUDFWLYDWLRQRIDOWHUQDWLYHPHFKDQLVPVRI$73
SURGXFWLRQ DV VXEVWUDWHOHYHO SKRVSKRU\ODWLRQ DW WKH OHYHO RI PLWRFKRQGULDO HQ]\PHV DV
SURSRVHG E\ .KQ HW DO  RU UHGXFHG UDWHV RI FHOOXODU SURFHVVHV UHVXOWLQJ LQ D ORZHU
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$73 FRQVXPSWLRQ 5HJDUGOHVV RI WKH H[DFW VSHFLILF PHFKDQLVPV LQYROYHG WKH JURZWK
UHWDUGDWLRQ SKHQRW\SH RI &, PXWDQWV LQ /' FRQGLWLRQ LV XQOLNHO\ WR EH UHODWHG WR HQHUJ\
OLPLWDWLRQ
2[LGDWLYH VWUHVV PLJKW DOVR EH LQYROYHG LQ WKH UHGXFHG JURZWK RI &, PXWDQWV
$FFRUGLQJO\ 526 DFFXPXODWLRQ KDV EHHQ UHSRUWHG WR RFFXU LQ VHYHUDO $UDELGRSVLV &,
PXWDQWV LQFOXGLQJ ndufs4 0H\HU HW DO  LQ SRVVLEOH UHODWLRQ WR LQFUHDVHG PW526
JHQHUDWLRQE\WKHUHPRGHOHGUHVSLUDWRU\FKDLQ+LJKOHYHOVRI$2;SURWHLQVDQGFDSDFLWLHVLQ
DOO&,PXWDQWVLQYHVWLJDWHGVRIDUDUHLQOLQHZLWKWKLVK\SRWKHVLV+RZHYHUDOLNH&06,,DQG
106 PXWDQWV 'XWLOOHXO HW DO E 526 DFFXPXODWLRQ FRXOG QRW EH REVHUYHG LQ
LOOXPLQDWHGOHDYHV RIndufs8.1ndufs8.2 XVLQJYDULRXVPHWKRGV)LJDQG6XSSOHPHQWDO)LJ
6 OLNHO\ GXH WR WKH RYHUDFWLYDWLRQ RI DQWLR[LGDQW HQ]\PHV 6XSSOHPHQWDO )LJ 6
7KHUHIRUH DPDUNHGR[LGDWLYH VWUHVV LVXQOLNHO\ WRKDYH LPSHGHGJURZWK UDWHVXQGHU/' LQ
WKLVPXWDQWDOWKRXJKVXFKDQHIIHFWFDQQRWEHH[FOXGHGLQ ndufs4
0HWDEROLF SHUWXUEDWLRQV DVVRFLDWHG ZLWK UHVSLUDWLRQ UHRUFKHVWUDWLRQ PLJKW DFFRXQW
IRU WKH VORZ JURZWK SKHQRW\SHV RI ndufs8.1 ndufs8. DQG ndufs4 PXWDQWV ,Q IDFW
PLWRFKRQGULDDUHNQRZQWRSOD\DNH\UROHLQWKHQLWURJHQFDUERQEDODQFH)R\HUHWDO
ZKLFKLVDIIHFWHGLQ&06,,ZLWKDPDUNHGLQFUHDVHLQDPLQRDFLGVSODXVLEO\FDXVHGE\KLJK
1$'+FRQWHQW'XWLOOHXOHWDO+DJHUHWDO'MHEEDUHWDO6LPLODUO\
ZH IRXQG KHUH WKDW GHVSLWH ORZHU YDOXHV IRU SDUDPHWHUV DVVRFLDWHG ZLWK QLWUDWH DVVLPLODWLRQ
WKDW LV NR WUDQVFULSWV 15 DFWLYLW\ DQG 12 FRQWHQW DPLQR DFLGV DFFXPXODWHG LQ ERWK
PXWDQWVZLWKWKHQRWDEOHH[FHSWLRQRIDVSDUWDWHZKLFKDSSHDUHGWREHGHFUHDVHGH[FHSWDWWKH
HQGRIWKHQLJKW)LJDQG6XSSOHPHQWDO)LJ6+RZHYHUZHGLGQRWREVHUYHDVLJQLILFDQW
1$'+ EXLOGXS LQ ndufs8.1 ndufs8.2 OHDYHV DV FRPSDUHG WR WKH :7 LQ /' )LJ %
VXJJHVWLQJ WKDW DQ LQFUHDVH LQ 1$'+ FRQWHQW SHU VH LV QRW WKH FDXVH RI DPLQR DFLG
DFFXPXODWLRQ LQ WKH PXWDQWV 5DWKHU DPLQR DFLG DFFXPXODWLRQ FOHDUO\ SDUDOOHOHG WKDW RI
FDUERQVNHOHWRQVJHQHUDWHGE\7&$F\FOHDFWLYLW\FLWUDWHVXFFLQDWHIXPDUDWHDQGPDODWHLQ
ERWKPXWDQWV,WWKXVVXJJHVWVWKDWLQWKHOLJKWZKHQDSDUWLDO7&$F\FOHLVEHOLHYHGWRRSHUDWH
7FKHUNH]HWDO6ZHHWORYHHWDOWKHPHWDEROLVPLQPXWDQWVLVDVVRFLDWHGZLWK
(i) D VWLPXODWLRQ RI ERWK F\WRVROLF DQG PLWRFKRQGULDO PDODWH GHK\GURJHQDVHV ZKHUHE\
R[DORDFHWDWH LV UDSLGO\ UHGXFHG WR PDODWH EHFDXVH RI RYHUUHGXFHG 1$'+ +HOGW HW DO
 7RPD] HW DO  DQG (ii) DQ LQFUHDVHG 3(3F DFWLYLW\ 2¶/HDU\ HW DO  DV
UHSRUWHGLQ&06,,PXWDQWV'XWLOOHXOHWDODWWKHH[SHQVHRIDVSDUWDWHDFFXPXODWLRQ
,Q WKHQLJKW WKHRSHUDWLRQRI WKH µIXOO¶ F\FOLF7&$F\FOH DQG WKXV WKH ORZHU UHGXFWLRQRI
R[DORDFHWDWH WR PDODWH ZRXOG DFFRXQW IRU WKH KLJK DVSDUWDWH REVHUYHG LQ ndufs8.1 ndufs8.2 
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PXWDQW
+HQFH RXU UHVXOWV VKRZ D VLPLODU LPSDFW RI UHGXFHG &, DFWLYLW\ LQ ERWK ndufs8.1 
ndufs8.2 DQG ndufs4 PXWDQWVDWGHYHORSPHQWDOSK\VLRORJLFDODQGPHWDEROLFOHYHOVLQUHODWLRQ
ZLWK1$'+RYHUUHGXFWLRQ

 The growth-retardation phenotype is more pronounced in QGXIV than in QGXIV
QGXIV plants grown in SD condition in possible relation to higher oxidative stress 

$OO SODQW &, PXWDQWV FKDUDFWHUL]HG VR IDU GLVSOD\ JURZWK UHWDUGDWLRQ LQ /' DVVRFLDWHG WR
YDULRXV SK\VLRORJLFDO DQG PHWDEROLF DOWHUDWLRQV EXW WKHLU SKHQRW\SH LQ 6' KDV QHYHU EHHQ
GRFXPHQWHG+HUHZHVKRZWKDWndufs8.1 ndufs8.2 DQG ndufs4 plants KDGDUHWDUGHGJURZWK
SKHQRW\SH XQGHU ERWK /' DQG 6' FRQGLWLRQV )LJ 6 +RZHYHU LQ FRQWUDVW WR /' WKH
UHWDUGDWLRQSKHQRW\SHZDVPRUHPDUNHGLQndufs4WKDQLQndufs8.1 ndufs8.2 SODQWVXQGHU6'
VRPHWLPHV DVVRFLDWHG ZLWK QHFURWLF VSRWV $OWKRXJK DFFXPXODWLRQ RI WRWDO VROXEOH UHGR[
EXIIHUV JOXWDWKLRQH DQG DVFRUEDWH ZDV REVHUYHG LQ PXWDQWV XQGHU ERWK 6' DQG /' UHGR[
EXIIHUV ZHUH LQ VLJQLILFDQWO\ KLJKHU DPRXQWV LQ ndufs4 DV FRPSDUHG WR ndufs8.1 ndufs8.2
XQGHU6')LJ$VWURQJO\VXJJHVWLQJHQKDQFHGR[LGDWLYHVWUHVV7KLVHIIHFWPLJKWKDYH
RULJLQDWHG IURP D OHVV DFWLYDWHG PLWRFKRQGULDO DQWLR[LGDQW V\VWHP LQ ndufs4 FRPSDUHG WR
ndufs8.1 ndufs8.2 ,Q IDFW LQ FRQWUDVW WR ndufs4 0H\HU HW DO  NDB2 DQG AOX1a
WUDQVFULSWVDFFXPXODWHGLQndufs8.1 ndufs8.2HLWKHUXQGHURXUVWDQGDUGLOOXPLQDWLRQFRQGLWLRQ
 PRO SKRWRQV P V )LJ & RU DW KLJK OLJKW 6XSSOHPHQWDO )LJ 6 5HGR[
GLIIHUHQFHVEHWZHHQndufs4DQGndufs8.1 ndufs8.2PLJKWUHVXOWIURPWKHQDWXUHDQGRUORFDWLRQ
RI WKH ODFNLQJ &, VXEXQLW ,Q ndufs4 ODUJH DFFXPXODWLRQ RI WKH &$ GRPDLQ ZKLFK ZDV
SURSRVHGWREHLQYROYHGLQSODQW&2WUDQVSRUW=DEDOHWDHWDODQGFDUERQPHWDEROLVP
6RWR HW DO  )URPP HW DO  PLJKW UHVXOW LQ LQFUHDVHG PW526 SURGXFWLRQ DV
UHSRUWHG LQ DQLPDOV 3ULFH HW DO  1'8)6 DQG 1'8)6 DUH ORFDWHG LQ GLIIHUHQW &,
PRGXOHV 1 DQG 4 UHVSHFWLYHO\ DQG LQ KXPDQ FHOO OLQHV PLWRFKRQGULDO PHWDEROLVP ZDV
GLIIHUHQWLDOO\ DIIHFWHG LQ PXWDQWV DIIHFWHG LQ WKH WZR PRGXOHV LQ UHODWLRQ WR GLIIHUHQWLDO
DFFXPXODWLRQRIDVVHPEO\LQWHUPHGLDWHV/HPDQHWDO
 8QWDUJHWHGPHWDERORPLFVVKRZHG WKDW WKH UHGXFHGJURZWKRIndufs4 DVFRPSDUHG WR
ndufs8.1 ndufs8.2 6' SODQWV ZDV DFFRPSDQLHG E\ PXFK ODUJHU GLIIHUHQFHV LQ JOREDO
PHWDEROLVPXQGHU6'WKDQXQGHU/')LJ LQSDUWLFXODUE\KLJKHU OHYHOVRIPDQ\DPLQR
DFLGV )LJ DV SUHYLRXVO\ UHSRUWHG IRU ORZ1DGDSWHGSODQWV 7VFKRHSHW DO  ,W LV
LQWHUHVWLQJWRQRWHWKDWWKHPHWDERORPLFVVLJQDWXUHRIndufs4 6' OHDYHV KDVVRPHVLPLODULWLHV
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WR WKDW RI SODQWV XQGHU DQR[LF VWUHVV 6RXVD DQG 6RGHN  6ZHHWORYH HW DO 
6LPLODULW\ WR WKH DQR[LF UHVSRQVH FDQ DOVR EH IRXQG LQ FLWUDWH DFFXPXODWLRQ ORZ OHYHO RI
DFRQLWDVH WUDQVFULSWV DQG LQFUHDVHG $2; FDSDFLW\ LQ ndufs8.1 ndufs8.2 )LJ  )LJ  DQG
6XSSOHPHQWDO)LJ6DVVKRZQE\*XSWDHWDO $OVR WKH&06,,PXWDQWGLVSOD\V
XSUHJXODWLRQRIIHUPHQWDWLRQSDWKZD\V6KDKHWDO
 2YHUDOOUHVXOWVLQGLFDWHWKDWUHGR[VWDWHLVPRUHFRPSURPLVHGLQndufs4 LQ6'WKDQLQ
/' FRQGLWLRQ SRVVLEO\ UHVXOWLQJ LQ WKH UHGLUHFWLRQ RI 7&$ IOX[HV WRZDUGV DPLQR DFLG
V\QWKHVLVDWWKHH[SHQVHRIR[LGDWLYHSKRVSKRU\ODWLRQWKHUHIRUHH[SODLQLQJWKHORZHUJURZWK
UDWHV

Growth and metabolic acclimation to LD depend on CI activity 
 
7KH UDSLG JURZWK DFFHOHUDWLRQ REVHUYHG LQ &RO SODQWV DIWHU WKHLU WUDQVIHU WR /'
DOUHDG\ YLVLEOH DW GD\  )LJ  ZDV FOHDUO\ UHGXFHG LQ WKH ndufs8.1 ndufs8.2 PXWDQW
0RUHRYHUSK\VLRORJLFDOFKDQJHVDVVRFLDWHGZLWKWKH6'WR/'WUDQVLWLRQLQWKH:7VXFKDV
DQLQFUHDVHGOHDIPDVVDUHD/0$SDOLVDGHFHOOZLGWKVWRPDWDOFRQGXFWDQFHFDUER[\ODWLRQ
HIILFLHQF\GDUN UHVSLUDWLRQ WRWDO$73 DQGGHFUHDVH LQQLWURJHQDVVLPLODWLRQDQG WRWDO526
OHYHOV ZHUH QRW REVHUYHG RU KLJKO\ UHGXFHG LQ WKH PXWDQW )LJ  DQG 6XSSOHPHQWDO )LJ
6 WKHUHE\ VKRZLQJ DQ LPSDLUHG DFFOLPDWLRQ WR /'. 'HVSLWH PDUNHG JURZWK GLIIHUHQFHV
EHWZHHQ ndufs8.1 ndufs8.2 DQG ndufs4 XQGHU 6' FRQGLWLRQV WKH JURZWK UHVSRQVH RI ERWK
PXWDQWVWDNHQDWDVLPLODUGHYHORSPHQWDOVWDJHOHDIVWDJHWRWKH6'WR/'WUDQVLWLRQZDV
FRPSDUDEO\LPSDLUHGDVFRPSDUHGWR:7)LJ8QWDUJHWHGPHWDERORPLFV+,/,&T72)
06DQG*&72)DQDO\VHVFRQILUPHGWKDWPHWDEROLVPZDVOHVVDIIHFWHGLQERWKPXWDQWVWKDQ
LQ :7 XSRQ 6'WR/' WUDQVIHU )LJ  7KH GLIIHUHQWLDO SKRWRSHULRG HIIHFW RQ 7&$
LQWHUPHGLDWHVDPLQRDFLGVDQGUHGR[EXIIHUVLQPXWDQWV)LJDQG)LJ$OLNHO\UHIOHFWHG
WKHLU GLIIHUHQW PHWDEROLF DQG UHGR[ VWDWHV XQGHU 6' DV GLVFXVVHG EHIRUH 7KDW LV LW LV
XQOLNHO\ WKDW WKH DOWHUHG FRQWHQW LQ UHVSLUDWRU\ PHWDEROLWHV ZDV WKH FDXVH IRU WKH LPSDLUHG
SKRWRSHULRGDFFOLPDWLRQ
 5DWKHUZH IRXQGDFOHDUFRUUHODWLRQEHWZHHQ WKH ODFNRI1$'+DFFXPXODWLRQDQG
LPSDLUHG/'DFFOLPDWLRQLQERWKndufs8.1 ndufs8.2 DQG ndufs4PXWDQWV,QIDFWLQFRQWUDVWWR
:71$'+FRQWHQWV(i)ZHUHKLJKXQGHU6'FRQGLWLRQDVZRXOGEHDQWLFLSDWHGFRQVLGHULQJ
KLJK KP1$'+YDOXHV RI DOWHUQDWLYH 1$'+ GHK\GURJHQDVHV DQG (ii) GLG QRW VLJQLILFDQWO\
LQFUHDVHLQERWKPXWDQWVXQGHU/')LJ%3UHVXPDEO\1$'DFFXPXODWLRQLQ:7SODQWV
WUDQVIHUUHGWR/'FDPHIURPDFRPSOH[VHWRILQWHUDFWLRQVEHWZHHQELRV\QWKHVLVR[LGDWLRQE\
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WKHPW(7& KLJKHUGDUN UHVSLUDWLRQDQGGHJUDGDWLRQ$ UHGXFHG1$' FRQVXPSWLRQXQGHU
/'LVVXJJHVWHGE\ WKHGHFUHDVHG OHYHOVRIPARP2 WUDQVFULSWV )LJ%$OVR LQndufs8.1 
ndufs8.2 WKHUH ZDV KLJKHU H[SUHVVLRQ RI VHYHUDO WUDQVFULSWV HQFRGLQJ 1$' ELRV\QWKHVLV
HQ]\PHV XQGHU 6' DQG D FOHDU GHSUHVVLQJ HIIHFW RI /' VXJJHVWLQJ UHSUHVVLRQ RI 1$'
QHRV\QWKHWLFUHF\FOLQJSDWKZD\VXQGHU/'
 2YHUDOO RXU GDWD VKRZ WKDW WKH SK\VLRORJLFDO DQG PHWDEROLF UHRUFKHVWUDWLRQ
DFFRPSDQ\LQJ /' DFFOLPDWLRQ LQ $UDELGRSVLV LV VLPLODUO\ FRPSURPLVHG LQ ERWK ndufs8.1 
ndufs8.2 DQG ndufs4 PXWDQWV WKHUHE\ VWURQJO\ VXJJHVWLQJ WKDW LW UHVXOWV IURP UHGXFHG &,
DFWLYLW\

6LJQDOLQJPHFKDQLVPVSRVVLEO\LQYROYHGLQLPSDLUHG/'DFFOLPDWLRQRI&,PXWDQWV

&KDQJHVLQWKHFRPSRVLWLRQRIPLWRFKRQGULDOHQ]\PHVLQ&,PXWDQWVDUHH[SHFWHGWR
JHQHUDWHLQFUHDVHG526E\WKHPW(7&,QIDFW526ZHUHSUHYLRXVO\UHSRUWHGWRDFFXPXODWH
LQ VHYHUDOSODQW&,PXWDQWV 0H\HUHW DO.HUHQHW DODQG LQKXPDQFHOO OLQHV
ODFNLQJ&,SHULSKHUDODUPVXEXQLWV9HUNDDUWHWDO0LZDHWDOZKHUHWKH\ZHUH
SURGXFHG E\ PDWUL[ LQWHUPHGLDWHV /HPDQ HW DO  $OWKRXJK WRWDO 526 OHYHOV ZHUH
VLPLODULQndufs8.1 ndufs8.2DQG:7LQWKHPLGGOHRIWKHOLJKWSHULRGWKH\ZHUHKLJKHULQWKH
PXWDQW WKDQ LQ WKH :7 DW WKH HQG RI QLJKW SHULRG )LJ % WKXV VXJJHVWLQJ LQFUHDVHG
JHQHUDWLRQRIPW526E\WKHUHVSLUDWRU\FKDLQ$JHQHUDOUROHRIPW526LQSODQWVLJQDOLQJLV
ZHOO GRFXPHQWHG +XDQJ HW DO  ,Q KXPDQV PW526 ZHUH UHSRUWHG WR LQGXFH 3'+
S\UXYDWHGHK\GURJHQDVHDFWLYLW\E\LQDFWLYDWLQJ3'+.S\UXYDWHGHK\GURJHQDVHNLQDVH
+XUG HW DO , WKHUHE\ VXSSRUWLQJ D SDWKZD\ WKURXJK ZKLFK PW526 PD\ UHJXODWH
UHVSLUDWRU\ PHWDEROLVP 7KHUHIRUH D VSHFLILF VLJQDOLQJ UROH IRU PW526 LQ WKH SKRWRSHULRG
UHVSRQVHLVSRVVLEOH
$OVR JOXWDWKLRQH OHYHOV DQG UHGR[ VWDWH KDYH EHHQ UHSRUWHG WR UHJXODWH GD\ OHQJWK
WUDQVFULSWLRQDO UHVSRQVHV LQ WKH cat2 PXWDQWV 4XHYDO HW DO D +HUH ZH IRXQG WKDW
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+&$ VKRZLQJ
PHWDEROLF UHODWLRQVKLSVEHWZHHQJHQRW\SHVDQGSKRWRSHULRGV 6LQJOH OLQNDJH WUHH VRUWHGE\
VL]H

)LJXUH*&06GHWHUPLQDWLRQRIPHWDEROLWHV LQ&ROndufs8.1 ndufs8.2 DQGndufs4 
SODQWV
/HDYHVZHUHVDPSOHGIURP6'/'SODQWVDWWKHPLGGOHRIWKHGD\SHULRGDQDO\WHFRQWHQWV
DUHH[SUHVVHGLQUHODWLYHXQLWVEODFNFROXPQV&ROJUH\FROXPQVndufs8.1 ndufs8.2; ZKLWH
FROXPQVndufs4  
 
)LJXUH+HDWPDSDQGKLHUDUFKLFDOFOXVWHULQJFRVLQHFRUUHODWLRQRIPHWDEROLWHVIRXQG
WREHVLJQLILFDQWZLWKUHVSHFWWRJHQRW\SHLQDWZRZD\$129$*&06PHWDERORPLFV
&RO FRO DQG ndufs8.1 ndufs8.2 PXW OHDYHV ZHUH VDPSOHG IURP 6'/' SODQWV DW WKH
PLGGOHRIWKHOLJKWSHULRGDQGIURP6'/'SODQWVERWKDWWKHPLGGOHRIWKHOLJKWSHULRGDQG
DWWKHHQGRIWKHQLJKWSHULRGGDUN0HWDERORPLFVDQDO\VHVZHUHFDUULHGRXWWLPHVi.e
ELRORJLFDO UHSOLFDWHV 5HODWLYH PHWDEROLWH FRQWHQWV DUH UHSUHVHQWHG DV PHDQFHQWHUHGYDOXHV
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ZLWKDFRORUVFDOHEOXHORZFRQWHQWUHGKLJKFRQWHQW1XPEHUVFORVHWRPHWDEROLWHQDPHV
UHIHUWRLQGLYLGXDODQDO\WHVDVVRFLDWHGZLWKWKHPHWDEROLWHRILQWHUHVW

)LJXUH$QDO\VLVRIJURZWKUHODWHGSDUDPHWHUVLQ&RODQGndufs8.1 ndufs8.2
/HDYHVZHUHVDPSOHGIURP&RODQGndufs8.1 ndufs8.2SODQWVDWWKHPLGGOHRIWKHOLJKWSHULRG
DWWKHGD\WLPHSRLQW6'VKRUWGD\/'ORQJGD\
$&DUERQH[FKDQJHUHODWHGSDUDPHWHUVGHWHUPLQHGRQOHDYHVRIPRQWKROGURVHWWHSODQWV
DW WKHVDPHGHYHORSPHQWDOVWDJH&DUER[\ODWLRQHIILFLHQF\FHPRO&2P V VWRPDWDO
FRQGXFWDQFHIRU&2gsPROPVFDOFXODWHGDWJURZWKLOOXPLQDWLRQ5XELVFRFDSDFLW\in 
vitro PHDVXUHG PD[LPXP DFWLYLW\ QPRO &2 PLQ PJ SURW FKORURSK\OO DFKORURSK\OO E
UDWLRVQLJKW UHVSLUDWLRQ 5Q&2ȝPRO&2P VDQG WRWDO OHDI$73QPROJ):DUH
PHDQV  6( RI  PHDVXUHPHQWV RQ GLIIHUHQW SODQWV 'LIIHUHQW OHWWHUV LQGLFDWH VLJQLILFDQW
GLIIHUHQFHVDFFRUGLQJWR6WXGHQWtWHVW
% 1LWURJHQ DVVLPLODWLRQUHODWHG SDUDPHWHUV 7RWDO OHDI IUHH DPLQR DFLGV PRO J ):
GHWHUPLQHGIURP+3/&TXDQWLILFDWLRQVHH6XSSOHPHQWDO)LJXUH6VROXEOHSURWHLQVPJJ
):WRWDO1FRQWHQW15FDSDFLW\PD[LPXPDFWLYLW\PRO12KPJSURW57
T3&5DQDO\VLVRIWKHPDMRUQLWUDWHUHGXFWDVHJHQHNR2, UHODWLYHH[SUHVVLRQWRACT2QLWUDWH
FRQWHQWV PRO J ): 'DWD DUH PHDQV 6( RI  PHDVXUHPHQWV RQ GLIIHUHQW SODQWV
'LIIHUHQWOHWWHUVLQGLFDWHVLJQLILFDQWGLIIHUHQFHVDFFRUGLQJWR6WXGHQWWWHVW
& 57T3&5 DQDO\VLV RI TOR2/LST8 JHQHV RI WKH QXWULHQWGHSHQGHQW 725 SDWKZD\ XVLQJ
$&7DVDUHIHUHQFH'DWDDUHPHDQV6(RIPHDVXUHPHQWVRQGLIIHUHQWSODQWV'LIIHUHQW
OHWWHUVLQGLFDWHVLJQLILFDQWGLIIHUHQFHVDFFRUGLQJWR6WXGHQWWWHVW
' 57T3&5 DQDO\VLV RI &&$/+< FORFN UHJXODWRUV 'DWD DUH PHDQV 6( RI 
PHDVXUHPHQWVRQGLIIHUHQWSODQWV'LIIHUHQW OHWWHUV LQGLFDWHVLJQLILFDQWGLIIHUHQFHVDFFRUGLQJ
WR6WXGHQWWWHVW

)LJXUH  526 FRQWHQW DQG H[SUHVVLRQ OHYHOV RI DQWLR[LGDQW HQ]\PHV LQ &RO DQG
ndufs8.1 ndufs8.2 SODQWVPDLQWDLQHGXQGHU6'DQG/'FRQGLWLRQ
$ 7\SLFDO (35 VSHFWURVFRS\ VSHFWUD SHUIRUPHG RQ OHDI GLVNV VDPSOHG IURP 6'/'
SODQWVDVGHVFULEHGLQ0LFKHOHWDQG.ULHJHU/LV]ND\
% 7RWDO VROXEOH 526 SRROV +2 HTXLYDOHQWV GHWHFWHG E\ OXPLQRO FKHPLOXPLQHVFHQFH LQ
OHDYHVVDPSOHGIURP6'/'SODQWVDWWKHPLGGOHRIWKHOLJKWSHULRGOHIWDQGDWWKHHQG
RI WKH GDUN SHULRG ULJKW 'DWD DUH PHDQV 6( RI PHDVXUHPHQWV RQ  GLIIHUHQW SODQWV
'LIIHUHQWOHWWHUVLQGLFDWHVLJQLILFDQWGLIIHUHQFHVDFFRUGLQJWR6WXGHQWtWHVW
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& 57T3&5 DQDO\VLV RI UHGR[ HQ]\PHV RI OHDYHV VDPSOHG IURP 6'/' SODQWV DW WKH
PLGGOH RI WKH OLJKW SHULRG ACT2 ZDV XVHG DV D UHIHUHQFH 'DWD DUH PHDQV 6( RI
PHDVXUHPHQWV RQ  GLIIHUHQW SODQWV 'LIIHUHQW OHWWHUV LQGLFDWH VWDWLVWLFDO GLIIHUHQFHV
DFFRUGLQJWR6WXGHQW t WHVW

)LJXUH 3RROVRIIROLDUUHGR[EXIIHUVDQGFRIDFWRUVLQ&ROndufs8.1 ndufs8.2 DQG
ndufs4SODQWV
/HDYHVZHUHVDPSOHGIURP6'/'SODQWVDWWKHPLGGOHRIWKHGD\SHULRG%ODFNFROXPQV
&ROGDUNJUH\FROXPQVndufs8.1 ndufs8.2ZKLWHFROXPQVndufs4
$5HGR[EXIIHUV
/HIWWRWDOOHDIFRQWHQWRIUHGXFHGDQGR[LGL]HGWRSOLJKWJUH\IRUPVRIJOXWDWKLRQHQPRO
J):DQGDVFRUEDWHPROJ):5HGR[VWDWHRIR[LGLVHGIRUPVLVLQGLFDWHGRQWRS
RIWKHKLVWRJUDPV'DWDDUHPHDQV6(IURPDWOHDVWH[WUDFWVIURPGLIIHUHQWSODQWV
* LQGLFDWHVLJQLILFDQWGLIIHUHQFHV3EHWZHHQ:7DQGPXWDQW WRWDOSRROVDFFRUGLQJWR
6WXGHQW W WHVW  LQGLFDWH VLJQLILFDQW GLIIHUHQFHV EHWZHHQ 6' DQG /' YDOXHV IRU WKH VDPH
JHQRW\SH
5LJKW/'6'UDWLRVLQWKHWKUHHJHQRW\SHV
%5HGR[FRIDFWRUV
 /HIW 7RWDO OHDI FRQWHQW RI R[LGL]HG DQG UHGXFHG WRS OLJKW JUH\ IRUPV RI 1$'+ DQG
1$'3+QPROJ):1$'31$'3+UDWLRVDUHLQGLFDWHGRQWRSRIWKHKLVWRJUDPV
5HVXOWVDUHPHDQV6(RIH[WUDFWVIURPGLIIHUHQWSODQWV* LQGLFDWHVVLJQLILFDQWGLIIHUHQFHV
3 EHWZHHQ :7 DQG PXWDQW WRWDO SRROV DFFRUGLQJ WR 6WXGHQW W WHVW  LQGLFDWHV
VLJQLILFDQWGLIIHUHQFHVEHWZHHQ6'DQG/'YDOXHVIRUWKHVDPHJHQRW\SH
5LJKW/'6'UDWLRVLQWKHWKUHHJHQRW\SHV

)LJXUH  3RROV RI PLWRFKRQGULDO 1$' DQG WUDQVFULSWLRQDO DQDO\VLV RI 1$'
ELRV\QWKHWLFJHQHV
,QDOOH[SHULPHQWVOHDYHVZHUHVDPSOHGIURP6'/'&RODQGndufs8.1 ndufs8.2SODQWV
DWWKHPLGGOHRIWKHGD\SHULRG
$1$'QPROJ):FRQWHQWVRIPLWRFKRQGULDOSUHSDUDWLRQV 5HVXOWVDUHPHDQV6(RI
H[WUDFWVIURPGLIIHUHQWSODQWV
% 57T3&5 DQDO\VHV RI 1$' ELRV\QWKHWLF JHQHV ZHUH FDUULHG RXW XVLQJ ACT2 DV D
UHIHUHQFH $VSDUWDWH R[LGDVH AO TXLQROLQDWH V\QWKDVH QS TXLQROLQDWH
SKRVSKRULERV\OWUDQVIHUDVHQPTQLFRWLQDWHPRQRQXFOHRWLGHDGHQ\O\OWUDQVIHUDVHNaMNAT
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1$'V\QWKHWDVHNADSDQGQLFRWLQDWHSKRVSKRULERV\OWUDQIHUDVHNaPT2, 4DQG3RO\
$'3ULERVH SRO\PHUDVH (PARP2 5HVXOWV DUH PHDQV  6( RI DW OHDVW  H[WUDFWV IURP
GLIIHUHQWSODQWV'LIIHUHQWOHWWHUVLQGLFDWHVLJQLILFDQWGLIIHUHQFHVDFFRUGLQJWR6WXGHQWtWHVW

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